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Introduction
Since Roux and Mayo, who were the first to re-
move the adrenal gland eighty years ago, adrenalec-
tomy has changed significantly [1]. Pioneers in adre-
nal surgery did not know the pathophysiology of the 
glands they operated on. This translated into a rela-
tively high mortality rate [1]. As time went by, the ap-
proach changed in terms of preparation for surgery, 
perioperative care and, obviously, surgical technique 
[1–3]. Currently, the gold standard is laparoscopic 
adrenalectomy in cases of benign adrenal tumors [4, 
5]. Improved access to the surgical area, less surgi-
cal trauma, less pain, fewer complications, shorter 
length of hospital stay and faster recovery, are all 
wel-established advantages of laparoscopy [6–8].
Pheochromocytomas, in 80–85% of cases derived 
from the chromaffin cells of the medulla, are the sec-
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A b s t r a c t
Introduction: Laparoscopic adrenalectomy is the gold standard for the treatment of benign adrenal tumors. However, 
some authors raise the problem of differences in surgery for pheochromocytoma in comparison to other lesions.
Aim: To compare laparoscopic adrenalectomy for pheochromocytoma and for other tumors.
Material and methods: Four hundred and thirty-seven patients with adrenal tumors were included in the retro-
spective analysis. Patients were divided into two groups: 1 (124 patients treated for pheochromocytoma) and 
2 (313 patients with other types of tumor). The two groups were compared with respect to mean operative time, 
intraoperative blood loss, conversion rate, complication rate and the relationship of tumor size with operative time.
Results: The mean operative time in group 1 was 91 min, and in group 2 it was 82 min (p = 0.016). In both groups 
1 and 2, tumor size correlated with operative time (p < 0.0001 and p = 0.0003, respectively). The mean blood loss in 
groups 1 and 2 was 117 ml and 54 ml, respectively (p = 0.0011). The complication rate in groups 1 and 2 was 4% 
and 4.2%, respectively (p = 0.9542). In groups 1 and 2, conversion was necessary in 2 (1.6%) and 5 (1.6%) cases, 
respectively (p = 0.9925).
Conclusions: Longer operative time and higher blood loss after laparoscopic adrenalectomy for pheochromocytoma 
indicate its greater difficulty. However, despite these drawbacks, minimally invasive surgery still seems to be an ef-
fective and safe method.
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ond most common adrenal catecholamine-secreting 
tumors. The hormones they produce cause arterial 
hypertension and symptoms of paroxysmal stimula-
tion of the adrenergic system [9].
Despite the proven benefits of laparoscopy, 
some surgeons point to the issue of different sur-
gery for pheochromocytoma, due to its pathophys-
iology [1, 2, 10, 11]. Creating a pneumoperitoneum 
and manipulating the tumor during surgery is be-
lieved to cause an excessive release of catechol-
amines, which may increase the risk of bleeding and 
conversion [12, 13].
The available literature documents many com-
parisons between adrenalectomy for pheochromo-
cytoma and procedures performed for other reasons 
[2, 11, 13, 14]. The comparative material includes 
a relatively small number of cases of pheochromocy-
toma. To the best of our knowledge, this publication 
is the first comparison of laparoscopic adrenalecto-
my for pheochromocytoma with laparoscopic adre-
nalectomy for other adrenal tumors, performed on 
such a large number of patients.
Aim
The aim of the study was to compare laparoscop-
ic adrenalectomy due to pheochromocytoma with 
laparoscopic adrenalectomy performed for other in-
dications.
Material and methods
The retrospective analysis covered patients with 
adrenal tumors operated on in the period 2003–
2013. Patients gave their informed consent to par-
ticipate in the study. Prior to surgery, each patient 
had undergone imaging studies (computed tomog-
raphy (CT) or magnetic resonance imaging (MRI)), 
and the hormonal activity of the tumor was eval-
uated. Pheochromocytoma was diagnosed on the 
basis of clinical presentation and biochemical tests 
(metanephrine and catecholamine levels in urine 
samples). In cases of pheochromocytoma, patients 
were prepared before the procedure with doxazosin 
– a selective antagonist of α1-adrenergic receptors. 
The procedure was performed from a  laparoscopic 
lateral transperitoneal approach.
Patients were divided into two groups, based on 
the nature of the tumor. Group 1 included 124 (69 fe - 
males, 55 males) patients with pheochromocytoma. 
In group 2, 313 (219 females, 94 males) patients un-
derwent surgery for other types of tumor (Tables I 
and II). 
The two groups were compared with respect to 
operative time, intraoperative blood loss, conversion 
rate and complication rate. Complications were clas-
sified using the Clavien-Dindo scale [15].
Statistical analysis
Normal distribution of continuous variables 
was tested with the c2 test. Variables that had 
a non-normal distribution were compared using the 
Mann-Whitney U test. To measure the degree of lin-
ear dependence between two variables, Pearson’s 
correlation coefficient was used. Categorical vari-
ables were compared with the c2 test. Results were 
considered statistically significant when the p-value 
was found to be less than 0.05.
Table I. Characteristics of groups 1 and 2
Parameter Group 1
124
Group 2
313
Value of p
Gender Female 69 (55.6%) 219 (70%) 0.0044
Male 55 (44.4%) 94 (30%)
Side Left 54 (43.5%) 169 (54%) 0.0489
Right 70 (56.5%) 144 (46%)
Average age 53.3 ±14.3 55.0 ±13.2 0.8324
Table II. Indications for surgery in group 2
Indication Number Percent
Incidentaloma 174 55.5
Cushing syndrome 72 23
Conn’s syndrome 53 17
Metastasis 14 4.5
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Results
The average operative time in group 1 (91 ±21 min) 
was significantly longer than in group 2 (82 ±23 min, 
p = 0.016, Figure 1). 
In group 1, the average size of the adrenal gland 
was 4.2 cm (range: 1.5–12 cm), and in group 2 it was 
4.2  cm (range: 0.9–16 cm). In both groups, tumor 
size correlated with operative time (p < 0.0001 and 
p = 0.0003, respectively). 
The average blood loss in group 1 was 117 ml, 
whereas in group 2 it was smaller and was 54 ml. 
This difference is statistically significant (p = 0.0011, 
Figure 2).
In 4 (3.2%) cases in group 1, blood transfusion 
was required. In group 2 such a necessity occurred 
in 7 (2.2%) cases (p < 0.0001).
In group 1, conversion occurred in 2 cases, with 
5 cases in group 2 (p = 0.9925). The reasons for con-
version in both groups are shown in Table III.
In group 1, complications occurred in 5 (4%) cas-
es. According to the Clavien-Dindo classification, 
three cases were classified as grade I, and two as 
grade IIIB. In group 2, 13 cases experienced complica-
tions (4.2%). According to the Clavien-Dindo classifi-
cation, five complications were grade I, one grade II, 
and seven grade IIIB. The characteristics of compli-
cations are shown in Table IV. The rate of complica-
tions was higher in group 2, but this difference did 
not reach statistical significance (p = 0.9542). One 
patient from group 1 died on the 4th postoperative 
day due to cardiopulmonary failure despite intensive 
care treatment.
Discussion
Twenty-two years have passed since the first re-
port on laparoscopic adrenalectomy was published 
[16]. Nowadays, minimally invasive surgery in cases 
of benign adrenal tumors has become a safe method 
that gives good results [6–8, 17, 18]. However, there 
is a continuous discussion concerning cases of pheo-
chromocytoma, which can be a challenge to both the 
surgeon and the anesthetist. Pheochromocytoma 
Figure 1. Difference in operative time between 
groups 1 and 2
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Figure 2. Intraoperative blood loss in groups 1 
and 2
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Table III. Reasons for conversion in both groups
Group 1 Group 2
•  Unusual location of the tumor
•  Intraoperative bleeding
•  Conversion due to firm adhesion to surrounding organs
•  Adhesions after previous laparotomy
•  Doubts as to the R0 resection of laparoscopic surgery –  
in 2 cases
•  Vascular infiltration of adrenal vessels
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was initially considered a contraindication for lapa-
roscopic adrenalectomy [2, 12]. Over time, the imag-
ing methods have improved, as well as perioperative 
care, anesthesia, and pharmacological preparation. 
Thanks to this, the indications for laparoscopic adre-
nalectomy were gradually extended [19–24].
The specificity of the surgical treatment of pheo-
chromocytoma poses a  challenge to perioperative 
care. It is extremely important to properly prepare 
the patient before surgery with α- and b-blockers 
and intravenous volume expansion with crystalloids. 
The available literature since the end of the last cen-
tury provides data on a 17–26% mortality rate in pa-
tients operated on for pheochromocytoma [25, 26]. 
With the appropriate preoperative management in 
the pre-laparoscopy era, surgical removal of pheo-
chromocytoma has become a  safe procedure. At 
present, the mortality rate is minimal: approximately 
1% of procedures [27]. The improvement observed 
in the last two decades was possible thanks to the 
accurate preoperative localization of the tumor with 
imaging technology, preoperative management, safe 
anesthesia, post-operative care and, above all, im-
proved surgical technique [1–3].
It was reported that the operative time of lap-
aroscopic adrenalectomy for pheochromocytoma 
is longer in comparison to other lesions [2, 5, 11, 
28, 29]. In our study, we also observed a  statisti-
cally significant difference between the compared 
groups. This can be explained by caution and deli-
cacy during dissection of the tumor due to concern 
about uncontrolled secretion of catecholamines 
and the risk of intraoperative bleeding. This as-
pect supports the claim that adrenalectomy due 
to pheochromocytoma is indeed more complicat-
ed. It was also observed that the operative time in 
both groups correlated with the size of the tumor. 
Similar results were presented by Kercher et al. [5]. 
It appears that the size of the tumor, despite its 
histological type, determines the time of surgery 
to a  greater extent, and thereby – indirectly – its 
difficulty. Literature available on the subject pro-
vides us with reports on laparoscopic procedures 
performed safely in cases of large tumors [4, 21, 
30]. In our study, we observed 16 pheochromocyto-
ma cases with a diameter greater than 6 cm. There 
were two conversions in this group. The reason for 
one of them was bleeding, which was difficult to 
control laparoscopically (a  large tumor with a  di-
ameter of 12 cm); in the second case, the decision 
to convert was made due to hemodynamic insta-
bility and abnormal location of the tumor (a tumor 
with a diameter of 6.7 cm). The remaining 14 tu-
mors were successfully removed laparoscopically. 
It seems that laparoscopic adrenalectomy of large 
pheochromocytoma is safe as long as the surgeon 
has the appropriate experience. This conclusion is 
consistent with the findings of other authors [4, 10, 
29]. The average blood loss was significantly higher 
in group 1. Greater intraoperative bleeding in the 
case of pheochromocytoma could be explained by 
a more prominent network of vessels with higher 
pressure, due to the elevated levels of catechol-
amines [2]. Four (3.2%) cases in group 1 required 
Table IV. Characteristics of complications
Complications Group 1 According to 
Clavien-Dindo 
scale
Group 2 According to 
Clavien-Dindo 
scale
Intraoperative Intraoperative damage  
to the splenic vein  
(repaired during laparoscopy)
IIIB Diaphragm injury following 
pneumothorax (repaired during 
laparoscopy)
IIIB
Intraoperative damage to the 
spleen in 2 cases
IIIB
Intraoperative damage to  
the spleen
IIIB V. cava injury (repaired during 
laparoscopy) in 2 cases
IIIB
Post-operative Wound infection in 2 cases I Wound infection in 4 cases I
Pulmonary embolism II
Subcapsular hematoma of the 
liver
I Right pleural effusion I
Reoperated due to bleeding in two 
cases
IIIB
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blood transfusions. In group 2, this necessity oc-
curred in 7 (2.2%) cases (p < 0.0001). This differ-
ence supports the hypothesis of greater difficulty 
in the treatment of pheochromocytoma. 
In our study, the complication rate was 4% and 
4.2% in groups 1 and 2, respectively (p = 0.9542); 
these rates are comparable to the material of To-
niato et al. [14] and lower than those reported by 
other authors [1, 2, 31, 32]. The difference in conver-
sion rate between the two groups is not statistically 
significant. The conversion rate in both groups was 
1.6%, which is also comparable with other authors 
[1, 3, 33]. On the basis of these data, one can draw 
the conclusion that the histological type of tumor 
has no significant impact on the incidence of compli-
cations and conversions, and adrenalectomies per-
formed due to pheochromocytoma as well in other 
tumors are equally safe despite the greater technical 
difficulty of the former.
Some surgeons raise the issue of operative tech-
nique. Originally it was believed that the pressure of 
pneumoperitoneum could result in a significant re-
lease of catecholamines [25]. Further studies, how-
ever, did not confirm this hypothesis. Inabet et al. 
compared hemodynamic parameters during lapa-
roscopic and open adrenalectomy [34]. The authors 
demonstrated that, despite the observed increased 
blood pressure, central venous pressure, and the 
pressure in the pulmonary capillary wedge, the cre-
ation of pneumoperitoneum does not alter the heart 
rate significantly. Another question concerning op-
erative technique concerns the approach. Myśliwiec 
et al. [35] compared adrenalectomy (including ad-
renalectomy for pheochromocytoma) by the lateral 
transperitoneal approach and the posterior retroper-
itoneal approach. They found that both mentioned 
approaches are safe and efficient.
Conclusions
Based on the data presented above, we conclude 
that laparoscopic surgery for pheochromocytoma is 
more difficult. However, the difference in difficulty 
has no influence on the clinical outcomes, compared 
to the other lesions. It remains a  safe procedure 
when performed in centers with sufficient experi-
ence.
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